1’% Fermi National Accelerator Laboratory

FERMILAB-Pub-79/37-EXP
7160.095

(Submitted to Phys. Rev. Lett.)

INCLUSIVE »° PRODUCTION OVER LARGE X | AND Xy RANGES
IN 200, 300, AND 400 GeV/ec PROTON-BERYLLIUM INTERACTIONS

R. M. Baltrusaitis, M, Binkley, B. Cox,
T. Kondo, C. T. Murphy, and W. Yang
Fermi National Accelerator Laboratory, Batavia, Illinois 60510

and

L. Ettlinger, M. S. Goodman, J. A. J. Matthews, and J. Nagy
Department of Physics, The Johns Hopkins University, Baltimore, Maryland 21218

June 1979



INCLUSIVE 7° PRODUCTION OVER LARGE X , AND X_ RANGES

IN 200, 300, AND 400 GeV/c PROTON-BERYLLIUM INTERACTIONS

R. M. Baltrusaitis, M. Binkley, B. Cox
T. Xondo, C. T. Murphy, and W. Yang
Fermi National Accelerator Laboratory

Batavia, Illinois 60510

and
L. Ettlinger,(a) M. S. Goodman,fgg
J. A. J. Matthews, and J. Nagy"’

Department of Physics, The Johns Hopkins University
Baltimore, Maryland 21218

Measurements of recognized n° production in pBe

collisions for .1 <XJ:=.5 and -.8 <X <.0 at 200, 300,

F
and 400 GeV/c are presented. These invariant cross

do

sections are fit by Edp3 = A(l?XR)M P$"N over this range

of X and Xo with M = 4.884+.14 and N = 8.30+.10 indepen-
dent of energy. No significant evidence for breaking

of this scaling is observed over this large kinematic

region at these energies.
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The measurement of high P, anc large xF inclusive pro-
duction of 3°'s in pN collisions has been the object of a
number of experiments at Fermilab'~® and the CERN ISR.’~"Y
These experiments have attempted to determine whether the
invariant cross section can be described over the entire

kinematic range and at all erergies by a factorized scaling

form!® 2! in P, and the radial scaling variable X, = /xP=+x¢‘
do _
ESZs=F (P, ) G(Xp) (1)

We report the results of a measurement of Eg%; over a large

range of P, and Xp at 200, 300, and 400 GeV/c in the halo
free proton beam??of the west branch of Proton Area at
Fermilab. We have compared these cross sections to the

explicit form

do -
Easa—A-(P*)

N M
(1-xR) {2)

The experimental apparatus shown in Fig. 1 consisted of
a two-arm photon spectrometer. Each arm ccntained collimators,
a 10kG-meter sweeping magnet, a 6 plane MWPC system and a 25
element lead glass éerenkov counter array along with lucite
(L1, L2, L3) and scintillation (51, S2) counters which were
used to impose the trigger requirement of a neutral particle
entering the array. The two spectrometer arms were not iden-
tical. The lead glass arrays were 260" and 240" from the
thin transmission targets, having 2.0 and 2.6 milljisteradians
of acceptance respectively. The two photons from 19's were both
detected in one or the other of the two arms of the spectrometer
which were triggered independently. Data were taken at 200, 3090,

and 400 GeV with the arm angles varied from 5.8° to 18.5% in the



laboratory system (90°-150%ms}. For the data reported in
this paper, thin foil beryllium targets (8 and 34 mil) were
used and the cross sections per nucleon are guoted assuming

a linear A dependence. Measurements of the atomic weight
dependence of the inclusive cross secticn, which have been
made in this experiment,?? indicate that this assumption does

not affect the results appreciably.

The trigger for the 1° events consisted of the require-
ment that no charged particle be seen in the lucite hodoscope
(Ll and L2 off) and that a minimum energy be observed in
the lead glass array of either arm. High and low threshold
runs were made at each beam energy and angular setting. The
cross secticns independently determined from each arm_agree
within assigned errors.

The position of each of the photons from the T decay
was determined by fitting the observed fractional energy
deposit in each 2-1/2" by 2-1/2" by 24 radiation length element
of the lead glass array to the predictions obtained from shower
calculations.?* These calculations were checked by measure-
ments of -the actual transverse shower development produced by
4 to 32 GeV/c electrons from an electron beam’® which was con-
structed from elements of the P-West proton transport in order
to allow calibration in situ of the detector. Suitable minor
modifications of the predicted sharing patterns were intro-
duced in order to match these data. This technique is described
elsewhere.’® The achievable positicn resclution for the array

was approximately o - 0.25".



The linearity of the lead glass array was mcasured
to be better than 0.5%up to 30 GeV using the calibration
beam. Each of the elements of the array was calibrated
before and after each run with this same beam. The gains
of each phototube were tracked between these calibrations
using a set of hydrogen thyratron light sources monitored
against a standard 241Am scurce. By these techniéues the
mass of 1° peak could be kept stable to :1% during the few
week periods between electron beam calibrations. The funda-
mental resolution of the lead glass counters was measured?’
to be 7.5%/vE (standard deviation) in a calibration run in
a %? = +1% electron beam in the C station at SLAC.

The incident proton flux, which varied from
10'® to 102 protons per 1 second spill during the course of the
running,was measured by two secondary emission monitors. The
systematic error in the absolute measurement of flux arises
mainly from the errors in the foil activation cross sections
needed to calibrate these devices and is estimated tec be less
than 5%. The beam loading of the lead glass counters was
measured by comparing on every beam pulse the hydrogen thyra-
tron pulser peaks during spill and between spills. Shifts
of gains due to loading of the transistorized bases was observed
to average less than 1% over the arrays. The dead time was
constantly monitorzd for each data set and was of order 20%
for the inclusive 1° measurement. The probability that a 7©

event was vetoed by the presence of charged particles was moni-

tored by mecasuring the fluxes of charged particles in the



non-triggered arm. The correction to the cross section is
typically 10% for this data. Finally the loss of data due

to conversions of one or both of the two 1° photons has

been corrected by measuring the conversion probability in the
front two layers of rhe lucite hodoscope for photons from 7°'s for data
samples which tequire only a total energy trigger. This
probability was measured to be 16:2% for a single photon
independent of photon energy.

Examples of the two photon mass spectrum at different
angles and trigger energy thresholds are shown in Fig. 2a
and 2b. The two-photon background shapes were calculated
assuming that the two photons were from uncorrelated ﬂo's,
with the observed inclusive PJ and Xe distributions, 'The-
fitted backgrounds under the 12, which depended mainly on
threshold energy and were independent of arm angle, ranged
from 20% at low thresholds teo 5% for data sets with higher
thresholds.

In Fig. 3a, b, and c¢ and Table I the invariant cross
sections Eg%; are displayed as a function of P, for bands of
XF for the three beam energies used in this experiment. Tne

do

relatively gentle variation of de3 with X_ can be seen at

F
all three beam energies. A two dimensional fit has been made

to the cross section as function of XR and P, to the form Eq.{2).

The results are given in Table 11. If data is distributed in

do
dap
be a function only of X and thereforc be independent of center

xR and P, according to Eq.({2) then the product {PL)N-E 3 should

of mass angle of the x° (chs) at fixed X In Fig. 4 the

R
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product P, ° 'E§%3 is displayed as a function of © for

cms
different Xg bands for the 200 GeV/c data. The distributions
are clearly flat, demonstrating the chs independence of the
data.

Furthermore, if Eg.(2) essentially describes the cross
section for n° production, then (1-xR)-H-E%%3 vs. PJ_will
explicitly display the P, dependence of the data. In Fig. 5a
this product (with M set equal to 5 as indicated by the two
dimensional fits) is plotted vs. P, for the three beam energies
used in the experiment. The P$-9 behavior can clearly be seen
at all energies. The fits to the data at each energy are
shown separately. In addition, the obvious eqguality of all
cross sections at all three energies at a given P, deﬁonstrates
that scaling is good over this energy range. Over the large
X, range probed in this experiment no flattening of the P
distribution such as that reported at the ISR''+' have
been observed.

Finally, the complementary plot to Fig. 5a is the plot of
gxg- %%; vs. Xp. The variation of this product with X is
shown for the three beam energies in Fig. Sb. As is shown in
Fig. 5b and recorded in Table II, (l—xR}d'g is the preferred
fit for all energies but the data may be somewhat steeper at
400 GeVv/c for the few low statistics, high XR points. However,

the data are clearly inconsistent with (1-xR)9 at all energies

and scaling is clcarly 9005 in the high statistics region.
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TABLE CAPTIONS

Table I: Invariant cross sections E%% {em? /Gev? /nucleon)
4 for various xF bands for the reaction

pBe ~ 1° + X. Linear A dependence has been

vs. P

assumed in calculating the per nucleon cross

sections.

Table IIl: Summary of the two dimensional fits of Eg%
(cm?/Gev?/nucleon) to the form A(l—xR)M P¢TN

at 200, 300, and 400 GeV/c.



TABLE I

o

X Reglon[ fL(Cevfcj (F gis) (& ﬁﬂi, (E ﬂgi‘
ap= 200 Gev an” iNH Gev dp” 400 GeV
1.50-1.75 f€1.20: .10)x1072% |(1.57: .10yx10”%® Ja.03: .11px1072?
1.75-2.00 [(3.e3: .27)x10” 3% |(4.76: .15)x20”2% f¢3.80: .21)x120739
2.00-2.25 J(1.172 .07)x10"2? {(1.52: 103210770 J1.47: .09)x10739
2.25-2.50 §(3.81: .14)x10733 f¢s.23: .30)x1073 J(s.49: .aryxr0”2?
2.50-2.75 J(1.312 .05)x2073 [2.06: .06)x10731 J(2.22: .10)x10"3?
0. ~.24 {2.75-3.00 |¢s.3re .31)x20732 f(8.76: .471x20732 f9.42: .613x10732
3.00-3.25 [(1.762 .133x1072% [{3.53= 233210732 §(a.77: .31)x10732
3.25-3.50 [(7.60: .20)x10”33 |(1.36: .1403x10732 f2.07: .26)x20732
3.50-3.75 [(2.82¢ .42)x10733 |(5.83:1.11)x10723 J(7.1422.90)x20737
3.75-4.00 J(7.89:3.17)x107% 11,712 633220733 f(s.63:1.42) %2073
4.00-4.25 f{6.82:2.54)x20 3% J(1.59: .613x10732 [(r.08: .71)x2073
d4.25-4.50 Jes.81¢2.62)x1073* |(1.33: .673x20733 [(4.0422.48)x10"33
1.75-2.00 - (3.06: .413x1073% J(2.69:1.20)x20730
2.00-2.25 }(6.61:2.60)x1073) [(a.82: .423x20731 J(s.60:1.09)x20"3
2.25-2.50 §(2.47¢ .30}x1073) Jy3.29: 189220731 Ji3.24r .20)x20" P
2.50-2.75 1{9.97¢ .57)x30732 [{1.25: .16)x10731 Jq1.25: .29)x20732
2.75-3.00 [¢3.62¢ .20)x20732 J(5.14s .45)x10"22 J(4a.84: .341x10"32
3.00-3.25 J(1.35¢ .10)x20" 32 [(2.04s .08)x2073% }(2.38= .36)x1073?
3.25-3.50 |¢6.60s 703220732 [(7.77: .49)x120733 {(9.69:1.05)x10733
~.24--.30 | 3.50-3.75 [(2.48: .223x10733 §(3.73: .34)x20732 J(4.59: .423x1073?
3.75-4.00 [(1.15¢ .13)x20723 f(1.98s .23)x1073? f(2.19: .20)x10”33
4.00-4.25 1(4.45: .75)x20"3% {(8.76:1.62)x10"2% f(1.20: .25)x10733
4.25-4.50 [(2.47¢ .373x007 % (4.75: .62)x10" % Jra.36: .82)x20"
4.50-4.75 [(7.41:1.99) 200733 {(2.55: .6mx10"3* [(1.29: .43)x10"3"
4.75-5.00 ](6.05:2.28) %1027 | (1.472 .75)x2073* | (6.7223.61) x1073%
5.00-5.25 [(2.08:1.13)x0073% |(2.12:2.17321073% }(7.6623.93)x1072%
2.50-2.75 - (3.57: .83)x10"32 -
2.75-3.00 |r9.69:2.30)x20773 J(1.72: .12)x20732 -
3.00-3.25 {5.15: .58)x107>3 | (7,512 anx10”?? f(1.96: .50)x10732
3.25-3.50 j(2.e1: .80)x10”>3 J3.42: .11)x2072? [(3.56: .60)x2073
3.50-3.75 |(7.93: .«0)x1073¢ 3 (1.s1s L06)x1073 [(1.88e .31)x10733
-.30—-.50 |3.75-5.00 |(3.62: .26)x1073% }(7.50:0.060x2072% | (5,231 61)x120734
4.00-4.25 §{1.59¢ .19)x1072% | (2.72: 3nx1073% fs.1922.90)x1072¢
4.25-4.50 1(7.2421.30)x2073% § (1.43: .18)x2073% | (1.94:2.23)x10734
4.50-4.75 ](2.68: .81)x10735 § (9.15:1.57 210733 | {1,402 .99)x10"74
4.75-5.00 {(2.31¢ .86)x10 % } (4.56:1.13)x2073% -
5.00-5.25 |{1.01:1.01)x10"37 | (3.32:1,20)x2073% -
$.25-5.50 - (5.67:5.68)x20" " -
3.50-3.75 - (1.62: .85)x10" % -
3.75-4.00 {(9-.87:5.85)x1072° §(5.99:1.53)x207 % -
€.00-4.25 [(9.60:6.341x1073 § (2,442 43210735 -
4.25-4.50 - [ (1.53s .29)x10733 -
-.50.-.30 |4.50-4.75 [(4.59:4.59)x1073€ [ (7.7425.06)x10736 -
£.75-5.00 [(2.92:2.93)x10" %€ § (4.20:1.56)x107 26 -
5.00-5.25% - (1.13:1.10)x20™ 8 -
$.25-5.50 [(9.20:8.24)x10737 § (3.21:2.39)x107 8 -
5.50-5.75 |{5.88:5.981x10737 N - -




TABLE II

Energy

R L a M N x2/DOF
(Gev) (GeV/c)
200 | .x¢xg.7 | 1.xp<s.0 | 3.12¢.22x10727 [4.81+.26 | 8.90:.22 | 1.30
300 | .l<x<.8 | 1.%R<5.5 | 3.80:.21x10727 [ 4.912.11 | 8.93:.08 | 1.39
00 [.asx<.5 | 1.xp<5.5 | 2.912.22x10727 | 4.942.45 | 8.79:.17 | 1.63
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FIGURE CAPTIONS

Schematic view of the double arm spectrometer.
Two photon mass spectrum g°-300 GeV/c data - low
threshold. {b) Two photon mass spectrum 5.8%-300 GevV/c

data-high threshold.

, . Lo} .
Invariant cross sectioh E%Es per nucleon vs. P; in

bands of xF for pBe collisions at 200 GeV. Linear
A dependence is assumed. (b) 300 GeV cross section

fc} 400 GeV cross section.

Plg'Egga vs. ec at 200 GeV/c for various regions

ns
of xradial'
-5 _do
(1-xR} Easg vs. P, for 200, 300 and 400 GeV/c
data. Independent fits to each data set are shown.
p,°-ESEs vs. X, for 200, 300, and 400 GeV/c data.

Independent fits to each data set are shown.
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